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EXECUTIVE  SUMMARY 


The  Navy  has  229  landfills  spread  over  1,761  acres  that  must  be  treated  or  capped. 
These  landfills  contain  a  variety  of  hazardous  wastes,  from  pesticides  to  toxic  metals  and  acid 
wastes.  The  current  investigation  summarizes  the  potential  scope  of  cleanup  by  compiling  a 
matrix  that  identifies  all  sites  with  a  significant  potential  hazard.  The  matrix  also  includes  site 
location  and  approximate  size,  summary  of  waste  constituents,  remedial  investigation/feasibility 
study  (RI/FS)  status,  leachate  production,  and  potential  for  groundwater  contamination. 

Treatment  technology  for  landfills  is  marginal  and  expensive;  therefore,  capping 
technology  is  rapidly  evolving  as  a  cost-effective  alternative.  Capping  may  provide  a  long-term 
solution  by  preventing  migration  of  the  contaminants  offsite.  This  report  documents  the  landfills 
that  may  potentially  benefit  from  an  improved  capping  technology.  In  addition,  a  brief 
description  of  current  EPA  guidance  on  capping  technology  is  presented. 
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INTRODUCTION 


The  Naval  Civil  Engineering  Laboratory  (NCEL)  has  been  tasked  by  the  Naval  Facilities 
Engineering  Command  (NAVFAC)  to  investigate  technologies  suitable  for  capping  hazardous 
waste  landfills.  This  is  due  to  the  fact  that  the  owner  or  operator  of  the  landfill,  or  a  surface 
impoundment  closed  as  a  landfill,  must  meet  the  closure  requirements  specified  under  the  Code 
of  Federal  Regulations  40  CFR  264.310  or  40  CFR  265.310.  In  partial  fulfillment  of  this  task, 
a  review  has  been  conducted  of  known  Navy  hazardous  waste  landfill  sites  that  may  benefit  from 
an  improved  capping  technology.  Current  landfill  capping  technology  is  targeted  for  a  20-year 
lifespan.  This  has  been  found  to  be  inadequate.  The  objective  of  capping  research  will  be  to 
not  only  extend  the  lifespan  of  the  landfills,  but  also  to  improve  their  construction  to  avoid  the 
problems  of  groundwater  contamination,  leachate  production,  erosion,  and  contaminated  runoff. 

The  Navy  has  229  sites  on  100  installations,  which  cover  a  minimum  of  1,761  acres. 
Many  of  these  sites  may  be  unlined,  thus  contributing  to  groundwater  contamination. 
Alternatives  include  treatment  of  the  waste,  leachate,  and  groundwater,  or  containment  of  the 
hazard  by  capping  or  other  engineered  designs.  This  report  documents  all  known  Navy  landfills 
(with  a  significant  hazard  ranking  score,  HRS),  their  location,  waste  constituents,  and  potential 
for  groundwater  contamination.  When  possible,  their  size  in  acres,  or  volume  in  tons,  has  also 
been  listed.  In  addition,  current  Environmental  Protection  Agency  (EPA)  guidance  for  landfill 
capping  has  been  investigated. 


DEFINITIONS 

The  following  terms  are  key  phrases  used  in  this  report: 

LANDFILL  -  Lined  or  unlined  trench,  pit,  or  other  excavation  area  where  wastes  have 
been  placed  and  periodically  covered  with  soil  which  may  or  may  not  include  leachate  collection 
systems. 

SURFACE  IMPOUNDMENT  -  Lined  pit  or  lagoon  where  uncontainerized  liquid  wastes 
have  been  discharged  for  disposal. 

DISPOSAL  PIT/DRY  WELL  -  Unlined  pit  or  dry  well  where  uncontainerized  wastes 
have  been  discharged  for  disposal. 

CONTAMINATED  FILL  -  Contaminated  backfill. 


1 


PROBLEM  DEFINITION 


Over  the  decades,  the  Navy  has  accumulated  large  amounts  of  waste.  Much  of  this  waste 
has  been  amassed  in  landfills,  burials,  fills,  and  pits  throughout  the  Navy.  When  these  sites  fill 
up,  it  becomes  necessary  to  cover,  or  cap  them.  Landfill  covers  experience  problems  associated 
with  water  and  wind  erosion,  lack  of  vegetation,  excessive  sunlight,  and  disturbance  by  people 
or  soil-dwelling  animals.  Covered  landfills  may  also  experience  water  infiltration,  uneven 
settlement,  and  displacement  due  to  slope  instability.  Many  of  these  problems  are  not  adequately 
addressed  by  present  technologies.  "The  performance  of  a  capped  and  closed  waste  facility  is 
critically  important.  If  a  breach  should  occur  many  years  after  closure,  there  is  a  high  likelihood 
that  maintenance  forces  would  be  unavailable.  In  that  event,  surface  water  could  enter  the 
facility  with  largely  unknown  consequences"  (EPA/625/4-89/022)  (Ref  1).  Thus,  there  is  a  need 
for  improving  landfill  cover  technology. 

Navy  landfills  may  differ  from  other  landfills  due  to  their  location.  Most  Navy  landfills 
are  located  in  coastal  areas  which  contributes  to  increased  penetration  by  water  subsurfically,  or 
in  areas  of  high  precipitation,  creating  high  infiltration  and  runoff.  Currently,  the  Navy  has  a 
total  of  229  sites  that  could  benefit  from  better  landfill  cover  technology.  Of  these  sites,  196  are 
landfills,  23  are  burials,  and  six  are  pits.  The  remaining  four  sites  are  fills  and  mine  fills. 
These  sites  contain  a  variety  of  materials  ranging  from  infectious  waste  to  polychlorinated 
biphenyl  (PCB)  dielectric  fluid  to  radiological  waste.  More  common  materials  are  paints, 
batteries,  asbestos,  solvents,  fuels,  and  pesticides.  For  a  more  complete  listing,  see  Tables  1 
through  4. 

Twenty  of  the  sites  have  definite  groundwater  contamination.  Of  these,  19  are  landfills 
and  one  is  a  burial.  Of  the  remaining  209  sites,  73  have  a  possibility  of  groundwater  contamina¬ 
tion,  varying  from  a  very  low  potential  to  a  high  probability  of  contamination. 

Another  problem  occurring  at  these  sites  is  the  presence  of  leachate.  Fifteen  sites 
reported  the  presence  of  leachate.  Fourteen  of  these  sites  are  landfills  and  one  is  a  pit.  Six 
additional  sites  reported  the  possibility  of  leachate  being  present. 

Measures  are  being  taken  at  some  of  these  areas  to  ameliorate  current  groundwater  and 
leachate  problems  and  to  prevent  further  contamination.  Other  sites  are  currently  undergoing 
testing  and  analysis  and  will  need  to  take  action  in  the  near  future. 


Table  1 .  Substances  Present  in  Navy  Landfills 


batteries 

paint  (lead  and  mercury) 

asbestos 

thinners 

construction  waste 
hazardous  waste 
PCB  dielectric  fluid 
sodium  fluoride 
tear  gas 
transformers 


lumber 

metal 

PCP 

battery  acid 
municipal  waste 
waste  oils 
oils 

calcium  hypochlorite 
glass  beads 
corrosives 
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Table  1.  Continued 


metal  residue  from  ordnance 

diazinon 

burning 

photo  developer 

fuels 

brake  fluid 

asphalt 

pesticides 

sewage  sludge 

live  ordnance 

fuel  tank  sludges 

nitrobenzene  and  lead 

plating  wastes 

caustics 

methylethyl  ketone 

trichlorothylene 

trichloroethane 

carbon  tetrachloride 

greases 

phthalate 

sand  blast  grit 

avgas 

mogas 

mercury  amalgam 

resins 

naphthalene 

radium  dials 

magnatron  tubes 

ethylene  glycol 

radiological  waste 

infectious  waste 

acids 

tritanol  filler 

concrete 

electrical  equipment 

perchloroethylene 

tires 

plastic 

Table  2.  Substances  Present  in  Navy  Burials 

tear  gas 

pesticides 

sewage  sludge 

waste  oils 

unknown  chemicals 

PCBs 

paint 

thinners 

solvents 

DC -9  aircraft 

hazardous  fluids 

asbestos 

ordnance  materials 

electrical  gear 

transformers 

firebricks  containing 

acids 

cyanide  salt  and  sludge 

explosive  compounds 

dyes  (toxic  and  carcinogenic) 

mustard  gas 

thorium  nitrates 

scrap  metal 

coal  ash 

oil  and  grease  emulsions 

vehicles 
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Table  3.  Substances  Present  in  Navy  Pits 


ordnance 

solvents 

spent  electroless  nickel 
solution 
sulfuric  acid 
demolition  charges 
grenades 
gun  ammunition 
construction  debris 
oils 
asphalt 

firing  range  waste 


explosives 

soil  sterilants 

alkaline  cleaning  waste 

anodizing  waste 

smokeless  powder 

projectiles 

rockets 

mixed  pyrotechnics 
miscellaneous  waste 
paint 
chemicals 


Table  4.  Substances  Present  in  Navy  Fills 


sandblast  grit 

steel  grit 

copper  grit 

lead  grit 

rust 

paint 

heavy  metals 

chemicals 

waste  oils 

acid  tank  roofs 

contaminated  water 

garbage 

wood 

JP-5 

tetraethyl  lead  sludge 

TNT  (mine  fill) 

RDX  (mine  fill) 

HMX  (mine  fill) 

EPA  GUIDANCE 

The  EPA  provides  design  guidance  on  final  cover  systems  for  hazardous  waste  landfills 
and  surface  impoundments.  EPA/530-SW-89-047  Technical  Guidance  Document  (Ref  2) 
presents  design  and  operating  parameters  that  generally  comply  with  the  design  and  operating 
requirements  and  the  closure  and  post-closure  requirements  of  40  CFR  Part  264.  Further 
information  on  the  closure  and  post-closure  regulations  is  found  in  Appendix  A.  The  EPA  be¬ 
lieves  that  the  final  cover,  if  properly  designed  and  constructed,  can  provide  long-term  protection 
of  the  unit  from  moisture  infiltration  due  to  precipitation.  The  cover  system  proposed  by  the 
EPA  is  outlined  below  and  is  represented  in  Figure  1 .  It  is  a  multilayer  design  consisting  of  a 
vegetated  top  layer,  a  drainage  layer,  and  a  low-permeability  layer.  Optional  layers  may  also 
be  required  under  specific  circumstances,  as  shown  in  Figure  2. 

The  EPA  states  that  other  final  cover  designs  are  acceptable  upon  determination  that  the 
alternative  design  fulfills  the  regulatory  requirements. 
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BASIC  COMPONENTS  OF  A  COMPLETED  LANDFILL 


A  brief  narrative  for  each  landfill  component  is  provided  below.  For  a  more  complete 
listing  of  components  and  definitions,  please  refer  to  the  Technical  Guidance  Manual  EPA/530- 
SW-89-047  (Ref  2). 

Vegetative  Layer 

In  the  short  term,  the  vegetative  layer  prevents  wind  and  water  erosion,  minimizes  the 
percolation  of  surface  water  into  the  waste  layer,  and  maximizes  evapotranspiration.  In  the  long 
term,  it  functions  to  enhance  aesthetics  and  to  promote  a  self-sustaining  ecosystem  on  top  of  the 
landfill.  The  latter  function  is  of  primary  importance  because  the  site  may  not  be  maintained  for 
an  indefinite  period.  Native  covers  are  usually  the  best  choice  for  the  vegetative  layer. 

For  sites  on  very  arid  land  or  on  steep  slopes,  an  armoring  system,  or  hardened  cap,  may 
be  more  effective  than  a  vegetative  layer.  Many  States  allow  asphalt  caps  as  an  alternative  to 
vegetative  covers.  These  caps,  however,  need  to  be  maintained  and  resealed  every  5  years. 

Cover  Soil 

The  cover  soil  must  have  a  minimum  thickness  of  2  feet.  The  final  upper  slope  angles 
are  to  be  from  3  to  5  percent,  after  allowing  for  final  settlement  and  subsidence  of  the  waste. 

Biotic  Barrier 

The  biotic  barrier  consists  of  a  gravel  and  rock  layer  designed  to  prevent  the  intrusion  of 
burrowing  animals.  This  protection  is  primarily  necessary  around  the  cap  but,  in  some  cases, 
may  also  be  needed  at  the  bottom  of  the  liner.  Although  animals  cannot  generally  penetrate  the 
flexible  membrane  cap  (FMC),  they  can  widen  an  existing  hole  or  tear  through  wrinkled 
material.  The  proposed  1 -meter  thickness  should  effectively  prevent  penetration  by  all  but  the 
smallest  insects.  The  biotic  barrier  also  serves  as  the  surface  water  collection/drainage  layer. 
Barriers  used  in  nuclear  waste  site  caps  may  be  up  to  14  feet  thick,  with  rocks  several  feet  in 
diameter.  These  barriers  are  intended  to  prevent  disruption  by  humans  both  now  and  in  the 
future.  Human  intrusion,  either  accidental  or  intentional,  can  usually  be  forestalled  by  posting 
signs  and  erecting  fences. 

Surface  Water  Collection  and  Removal  (SWCR) 

SWCR  prevents  surface  water  infiltration  by  containing  and  systematically  removing 
liquids  that  collect  within  it.  Infiltration  is  a  particular  concern  in  nuclear  and  hazardous  waste 
facilities,  where  gas  vent  stacks  are  found.  A  containment  system  should  be  designed  to  prevent 
water  from  entering  the  system  through  the  vents.  In  addition,  three  design  issues  must  be 
considered:  (1)  cover  stability,  (2)  puncture  resistance,  and  (3)  ability  to  withstand  considerable 
stress  due  to  settlement  of  the  waste.  The  SWCR  will  have  a  minimum  thickness  of  12  inches. 
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Flexible  Membrane  Cap  (FMC) 

The  primary  purpose  of  the  FMC  is  to  keep  surface  water  off  the  landfill  and  to  increase 
the  efficiency  of  the  drainage  layer.  It  is  not  usually  exposed  to  the  leachate,  so  chemical 
compatibility  is  not  an  issue.  FMCs  are  subject  to  greater  strains  than  flexible  membrane  liners 
(FMLs)  due  to  settlement  of  the  waste.  They  must  be  able  to  resist  penetration  by  construction 
equipment,  rocks,  roots,  etc.  Their  proximity  to  the  surface  allows  for  accessibility  to  perform 
repairs  as  needed.  A  minimum  thickness  of  20  mils  is  currently  (August  1989)  the  EPA 
requirement  (Ref  1),  however,  a  new  40-mil  thickness  is  being  proposed.  The  FMC  is  referred 
to  as  the  FML  in  Figures  1  and  2  and  in  the  Technical  Guidance  Document  (Ref  2). 

Compacted  Clay 

Compacted  clay  is  composed  of  soil  with  a  low  permeability,  and  must  have  a  minimum 
thickness  of  2  feet.  Beneath  the  clay  lies  an  operational  cover  over  the  landfill  waste. 


NAVY  LANDFILLS 

The  majority  of  information  for  this  report  is  contained  in  Appendix  B,  which  is  a 
compilation  of  all  Navy  landfills,  burials,  pits,  fills,  and  minefills  based  upon  a  1988  study  by 
PEER  Consultants  (Ref  3)  and  cross-checked  with  the  most  current  (1990-91)  listing  from  the 
Naval  Energy  and  Environmental  Support  Activity’s  (NEESA’s)  installation  restoration  (IR) 
database.  The  table  is  arranged  according  to  Engineering  Field  Division  (EFD),  with  an 
overview  at  the  beginning  of  each  EFD.  Within  each  EFD  is  a  listing  by  installation  of  sites  and 
a  brief  synopsis  of  their  waste  constituents,  size,  RI/FS  status,  leachate  production,  and 
groundwater  contamination. 

Hazard  ranking  system  (HRS)  scores  are  also  noted.  The  HRS  score  is  an  estimate  of 
a  waste  site’s  danger  (based  upon  a  minimum  of  actual  data).  The  system  is  a  matrix  of  four 
pathways  of  exposure;  surface  water,  air,  groundwater,  and  soil  exposure.  Three  components 
are  attached  to  each  pathway:  waste  characteristics,  targets  likely  to  be  affected,  and  likelihood 
of  a  chemical  release.  Each  factor  is  given  a  weighted  numerical  value  and  placed  into  a  model. 
Scores  range  between  zero  and  100.  Any  site  with  a  value  of  28.5  or  higher  is  placed  on  the 
Superfund  National  Priority  List  (NPL)  (Ref  4).  From  this  information  it  is  seen  that  the  Navy 
has  229  landfill  sites  to  clean  up.  The  problem  is  common  to  all  EFDs  and  must  be  addressed 
by  100  installations. 


RECOMMENDATIONS 

Due  to  the  large  number  of  landfill  sites  requiring  treatment  or  capping,  further  research 
is  recommended.  The  first  area  involves  capping  technology.  The  guidance  currently  provided 
allows  freedom  to  implement  a  cover  system  optimally  designed  for  any  particular  site.  Current 
Department  of  Defense/Department  of  Energy  (DOD/DOE)  research  has  already  begun  to  focus 
on  this.  This  knowledge  will  contribute  to  the  implementation  of  cover  systems  under  three 
climatic  conditions:  (1)  arid,  (2)  high  precipitation  (1/2  from  snow  melt  and  1/2  from  rainfall), 
and  (3)  high  precipitation  (all  as  rainfall).  Recently,  a  project  involving  this  third  climatic 
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condition  as  a  research  topic  was  proposed  to  NAVFAC  to  be  initiated  at  a  site  to  be  determined 
in  FY92.  The  advantage  to  this  research  lies  in  reduced  costs  (by  eliminating  costly  clay  cap 
when  not  necessary)  and  a  longer  design  life. 

In  addition  to  capping  research,  treatment  of  the  waste  must  also  be  investigated.  Current 
technology  does  not  adequately  address  all  solid  waste  constituents  or  their  leachates.  Some 
wastes  must  be  either  treated  or  relocated  due  to  adverse  site  location.  Capping  may  not  be 
effective  on  sites  located  on  or  in  water  bodies,  or  in  high  water  table  areas.  A  study  by  NCEL 
was  conducted  on  the  treatment  of  landfill  leachate  contaminated  with  low  levels  of  priority 
pollutants  (Ref  5).  This  study  recommends  further  work  in  selecting  and  conducting  treatment 
train  laboratory  studies  on  leachates.  It  also  points  out  potential  problems  associated  with  the 
gases  generated  from  the  landfills  and  the  residual  solids  generated  from  the  treatment  processes. 
The  study  also  recommended  conducting  research  in  innovative  processes  of  land  treatment  and 
engineered  wetlands  as  alternatives  to  conventional  remediation  treatment. 
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Appendix  A 

FINAL  COVERS  FOR  HAZARDOUS  WASTE  UNITS 


CLOSURE  AND  POST-CLOSURE  REGULATIONS 

All  of  the  regulations  dealing  with  hazardous  waste  landfill  and  surface  impoundment 
cover  requirements  are  found  in  Title  40,  Parts  264  and  265,  of  the  Code  of  Federal  Regulations 
(40  CFR  264  and  40  CFR  265).  Part  264  deals  with  permitted  facilities  and  Part  265  with 
interim  status  facilities.  Interim  status  facilities  are,  in  general,  those  facilities  that  were  in 
existence  on  November  19,  1980.  Three  subparts  each  of  Parts  264  and  265  deal  with  general 
closure  requirements:  Subpart  G  -  Closure  and  Post-Closure;  Subpart  K  -  Surface 
Impoundments;  and  Subpart  N  -  Landfills.  Each  subpart  contains  several  sections  important  to 
cover  planning,  design,  and  construction,  as  outlined  in  Table  A-l. 

There  are  a  few  differences  between  permitted  and  interim  status  unit  closure  and  post¬ 
closure  regulations  under  Subpart  G  of  Parts  264  and  265.  The  major  difference  is  that,  for 
interim  status  units,  public  notice  for  changes  to  the  approved  closure  and  post-closure  plans  is 
not  required.  Changes  to  plans  for  permitted  units  require  permit  modifications  which,  in  turn, 
require  public  notice  and  comment. 

There  are  three  significant  differences  between  permitted  and  interim  status  unit  final 
cover  regulations  under  Subparts  K  and  N  of  Parts  264  and  265.  Part  264.303  requires 
monitoring  and  inspection  to  ensure  that  synthetic  and  soil  materials  used  in  the  cover  are 
watertight  and  structurally  uniform.  Such  a  requirement  was  not  included  in  Part  265  for  interim 
status  units.  The  EPA  recommends  that  a  Construction  Quality  Assurance  (CQA)  program, 
establishing  inspection  activities,  be  utilized  for  covers  being  built  at  both  permitted  and  interim 
status  units.  The  EPA  believes  that  a  site-specific  CQA  inspection  program  is  necessary  to 
ensure  that  cover  design  specifications  are  met. 

A  second  difference  in  requirements  is  that,  while  leachate  collection  and  removal 
activities  are  required  after  closure  under  40  CFR  264.310  for  permitted  units,  they  are  not 
required  under  Part  265  for  interim  status  units.  The  absence  of  a  stated  post-closure  leachate 
collection  and  removal  requirement  makes  cover  performance  for  interim  status  units  even  more 
important.  It  should  be  noted  that,  under  the  broader  performance  standards  of  40  CFR 
265.111,  the  EPA  may  still  require  leachate  collection  during  post-closure  at  an  interim  site. 

The  third,  and  perhaps  most  significant,  difference  is  in  the  requirements  of  40  CFR 
264.3 10(b)(l)(v)  and  40  CFR  265.310(b)(l)(v).  These  subsections  require  that  the  cover  have 
a  permeability  less  than  or  equal  to  any  bottom  liner  or  natural  subsoil  present.  For  interim 
status  units,  without  an  engineered  liner,  the  cover  could  presumably  be  of  relatively  permeable 
materials.  But  here  again,  the  EPA  may  impose  the  standards  of  40  CFR  265.1 1 1,  and  require 
a  more  impermeable  cover. 
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Table  A-l.  Closure  and  Post-Closure  Regulatory  Requirements 


Section 

Part  264 

Part  265 

Subpart  G  -  Closure  and  Post-Closure 

111 

Closure  performance 
standard 

Closure  performance 
standard 

112 

Closure  plan  -  Amendment 
of  plan 

Closure  plan  -  Amendment 
of  plan 

113 

Time  allowed  for  closure 

Time  allowed  for  closure 

115 

Certification  of  closure 

Certification  of  closure 

116 

Survey  plat 

Survey  plat 

117 

Post-closure  care 

Post-closure  care 

118 

Post-closure  plan  - 
Amendment  of  plan 

Post-closure  plan  - 
Amendment  of  plan 

120 

Certificate  of  completion 
of  post-closure  care 

Certificate  of  completion 
of  post-closure  care 

Subpart  K  -  Surface  Impoundments 

226 

Monitoring  and  inspection 

Inspections 

228 

Closure  and  post-closure 
care 

Closure  and  post-closure 
care 

Subpart  N  - 

Landfills 

301 

Design  and  operating 
requirements 

Design  requirements 

302 

N/A 

General  operating 
requirements 

303 

Monitoring  and  inspection 

N/A 

310 

Closure  and  post-closure 
care 

Closure  and  post-closure 
care 

,-2 


For  permitted  landfills  to  meet  the  requirements  of  40  CFR  264.310,  the  cover  must  have 
a  permeability  no  greater  than  that  of  the  double  liner  required  under  40  CFR  264.301(c).  The 
EPA  does  not  consider  this  to  mean  that  the  final  cover  for  a  permitted  unit  must  actually  contain 
a  double  liner.  Rather,  the  EPA  recommends  that  the  final  cover  include  a  layer  whose  liquid- 
rejection  performance  is  &.  lal  to  or  better  than  the  bottom  composite  liner  (flexible  membrane 
liner  (FML)  underlaid,  md  in  full  contact  with,  compacted  soil)  of  the  double-liner  system 
detailed  in  the  "Minimum  Technology  Guidance  on  Double  Liner  Systems  for  Landfills  and 
Surface  impoundments  -  Design,  Construction  and  Operation"  (EPA,  1987i).  The  EPA- 
recommended  design  for  the  cover  does,  in  fact,  include  a  composite  barrier  layer  as  outlined 
in  Section  4.  In  all  cases  where  a  FML  is  used  in  the  bottom  liner,  one  should  also  be  used  in 
the  cover.  This  does  not  mean,  however,  that  the  EPA  necessarily  recommends  the  use  of 
exactly  the  same  barrier  materials  in  both  the  liner  and  cover.  For  example,  different  FML 
materials  of  equivalent  performance  may  be  used,  such  as  high-density  polyethylene  for  the 
bottom  liner  and  polyvinyl  chloride  in  the  cover. 

The  EPA  also  recommends  using  the  composite  FML/clay  barrier  in  interim  status  unit 
covers.  However,  for  interim  status  units,  compacted  clay  with  a  permeability  equal  to  or  less 
than  1  x  10'7  cm/sec  may  be  used  without  a  FML  if  the  clay  is  less  permeable  than  the  landfill 
bottom  liner  or  natural  subsoil  beneath  the  site.  While  40  CFR  265.310(a)(5)  might  allow  a  less 
effective  design,  it  is  believed  the  long-term  protection  from  infiltration  provided  by  the 
recommended  cover  design  justifies  its  use  for  all  units.  With  the  EPA-recommended  composite 
design,  it  is  more  certain  that  the  cover  will  be  no  more  permeable  than  the  bottom  of  the  unit. 
In  addition,  the  installation  of  the  composite  design  on  interim  status  units  takes  advantage  of  the 
practical  opportunity  to  more  effectively  minimize  water  infiltration,  leachate  generation,  and 
leachate  migration. 


LIQUIDS  MANAGEMENT  STRATEGY 

The  general  closure  performance  standards  are  specified  in  40  CFR  264. 1 1 1  and  265. 1 1 1 
(Subpart  G)  for  permitted  and  interim  hazardous  waste  disposal  facilities,  respectively.  The 
standards  state  that: 

"The  owner  or  operator  must  close  the  facility  in  a  manner  that: 

a.  Minimizes  the  need  for  further  maintenance;  and 

b.  Controls,  minimizes,  or  eliminates,  to  the  extent  necessary  to 
protect  human  health  and  the  environment,  post-closure  escape  of 
hazardous  waste,  hazardous  constituents,  leachate,  contaminated 
runoff,  or  hazardous  waste  decomposition  products  to  the  ground 
or  surface  waters  or  to  the  atmosphere..." 

The  requirements  apply  to  hazardous  waste  landfills  and  to  hazardous  waste  surface 
impoundments  closed  as  landfills. 
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Landfill  closure  requirements  are  based  on  a  two-part  liquids  management  strategy  of: 
(1)  minimizing  the  leachate  generation  by  keeping  liquids  out  of  the  unit,  and  (2)  detecting, 
collecting,  and  removing  leachate  within  the  unit.  Closure  requirements  are  specified  in  40  CFR 
264.310  and  40  CFR  265.310,  and  include  a  final  cover  and  post-closure  care. 

The  EPA  considers  keeping  water  out  of  the  unit  to  be  the  prime  element  of  the  strategy. 
Thus,  the  EPA  believes  that  a  properly  designed  and  constructed  cover  becomes,  after  closure, 
the  most  important  feature  of  the  landfill  structure.  The  EPA  requires  that  the  cover  be  designed 
and  constructed  to  provide  long-term  minimization  of  the  movement  of  water  from  the  surface 
into  the  closed  unit.  Where  the  waste  mass  lies  entirely  above  the  zone  of  groundwater 
saturation,  a  properly  designed  and  maintained  cover  can  prevent,  for  all  practical  purposes,  the 
entry  of  water  into  the  closed  unit,  and  thus  minimize  the  formation  and  migration  of  leachate. 
In  the  absence  of  damage,  the  cover  design  recommended  here,  including  the  FML/soil  low- 
permeability  layer,  should  restrict  infiltration,  to  the  extent  of  the  design,  for  the  long  term. 
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Appendix  B 
NAVY  LANDFILLS 

SUMMARY 
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CHESDIV  14 
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DISTRIBUTION  T.TST 


92  CES  /  DEEE ,  FAIRCHILD  AFB,  WA 
ADMINSUPU  /  PWO,  BAHRAIN,  FPO  AE 

AF  /  AFSC/DEEE,  WASHINGTON,  DC;  MO  ANG,  231  CF.F/DED  (SCHMEDAKE), 

BRIDGETON,  MO 

AFB  /  1CSG/DEEE  (MARSH),  LANGLEY  AFB,  VA;  <3 2ND  ABG/DEMCA,  WILLIAMS  AFB,  AZ 
AFIT  /  DET,  WRIGHT  PATTERSON  AFB,  OH;  DEV.  WRTGHT- PATTERSON  AFB,  OH 
ANTARCTIC  /  STAFFO,  ALEXANDRIA,  VA 

ARMY  /  KWAJALEIN  ATOLL,  CSSD-LA-LT,  APO  AP;  POJF.D-O,  APO  AP;  QMSCH , 
ASTM-CDM  ( JANCZEWSKI ) ,  FORT  LEE,  VA 
ARMY  CECOM  R&D  TECH  LIBRARY  /  ASNC-ELC-T -T.  FORT  MONMOUTH,  NJ 
ARMY  CERL  /LIB,  CHAMPAIGN,  IL 
ARMY  CRREL  /  ISKANDAR,  HANOVER,  NH 

ARMY  DEPOT  /  LETTERKENNY,  SDSLE-EN,  CHAMRF.RSRURG .  PA;  SDSNC-T-MOD-E ,  NEW 
CUMBERLAND,  PA 

ARMY  EHA  /  HSE-RP-HG,  ABERDEEN  PROVING  GROUND,  MD;  HSHB-EA-S ,  ABERDEEN 
PROVING  GROUND,  MD;  W630,  ABERDEEN  PROVING  GROUND,  MD 
ARMY  ENGRG  DIST  /  SAMEN-DS/DAVIS ,  MOBILE,  AT, 

ARMY  ENGRG  DIV  /  ED-SY  (LOYD),  HUNTSVILLE.  AL 
ARMY  EWES  /  LIB,  VICKSBURG,  MS 
ARMY  MMRC  /  DRXMR-SM  (LENOE),  WATERTOWN,  MA 
BRITISH  EMBASSY  /  SCI  &  TECH  DEPT  (WILKINS').  WASHINGTON,  DC 
BUREAU  OF  RECLAMATION  /  D-1512  (GS  DEPUY) ,  DENVER,  CO 
CALIFORNIA  INST  OF  TECH  /  ENVIRON  ENGRG  LIB.  PASADENA,  CA 
CBC  /  CODE  430,  GULFPORT,  MS;  CODE  84,  PORT  HUENEME ,  CA;  PWO  (CODE  400), 
GULFPORT,  MS 

CECOS  /  CODE  C35 ,  PORT  HUENEME,  CA 

COM  GEN  FMF  /  PAC,  SCIAD  (G5),  CAMP  HM  SMITH,  HI 

COMNAVLOGPAC  /  CODE  4318,  PEARL  HARBOR,  HI 

COMSUBPAC  /  CODE  541,  SCE,  PEARL  HARBOR,  HI 

DEFENSE  DEPOT  /  PWO,  OGDEN,  UT 

DFSC  /  F,  ALEXANDRIA,  VA 

DTRCEN  /  CODE  4111,  BETHESDA ,  MD;  CODE  42,  BETHESDA ,  MD 
ESSM  /  WHSE  12  (BOWMAN),  WTLLIAMSBURG,  VA 
FCTC  /  LANT,  CODE  182,  VIRGINIA  BEACH,  VA 

MARCORBASE  /  BASE  MAINT  DEPT,  CAMP  LEJEUNF,,  NC;  CODE  405,  CAMP  LEJEUNE, 

NC;  CODE  406,  CAMP  LEJEUNE,  NC;  FACILITIES  COORDINATOR,  CAMP 
PENDLETON,  CA 

MCAF  /  CODE  C144,  QUANT I CO,  VA 

MCLB  /  CODE  506,  ALBANY,  GA;  CODE  555,  ALBANY.  r,A 
MCRDAC  /  M  &  L  DIV,  QUANTICO,  VA 
NAF  /  PWO,  FPO  AP, 

NALF  /  OIC,  SAN  DIEGO,  CA 

NAS  /  CODE  110,  FPO  AP;  CODE  163,  KEFLAVIK,  ICELAND,  FPO  AE;  CODE  421, 

SAN  DIEGO,  CA;  CODE  504,  SAN  DIEGO,  CA;  CODE  721,  NEW  ORLEANS,  LA; 

CODE  83,  PATUXENT  RIVER,  MD;  MIRAMAR,  PWO,  SAN  DIEGO,  CA;  P&E  SUPR, 

FPO  AP;  PW  ENGRG,  PATUXENT  RIVER,  MD;  PWD  MAINT  DIV,  NEW  ORLEANS,  LA; 
PWO,  MERIDIAN,  MS;  PWO,  MOFFETT  FIELD,  CA;  SCE,  FPO  AP;  SCE,  NORFOLK, 

VA;  WHITING  FLD,  PWO,  MILTON,  FL 
NAS  NPWC  /  CODE  102  (J.  ARESTO),  SAN  DIEGO,  CA 
NAS  PENSACOLA  /  FAC  MGMT  OFFICER,  PENSACOLA.  FL 


NAVAIRDEVCEN  /  CODE  832,  WARMINSTER,  PA 
NAVAIRPROPCEN  /  CODE  PW-3,  TRENTON,  NJ 
NAVAL  ED  &  TRAIN  CEN  /  UTIL  DIR,  NEWPORT.  RT 
NAVAVIDEPOT  /  CODE  904,  NORFOLK,  VA 
NAVAVIONICCEN  /  PWO,  INDIANAPOLIS,  IN 

NAVAVNDEPOT  /  CODE  Oil,  NORFOLK,  VA;  CODE  61000.  CHERRY  POINT,  NC 
NAVCAMS  /  WESTPAC,  SCE,  FPO  AP, 

NAVCOASTSYSCEN  /  CODE  423,  PANAMA  CITY,  FT. 

NAVCOMMSTA  /  PWO,  THURSO,  UK,  FPO  AE, 

NAVCONSTRACEN  /  CODE  D2A,  PORT  HUENEME,  CA 
NAVENVIRHLTHCEN  /  CODE  42,  NORFOLK,  VA 
NAVFAC  /  N62 ,  ARGENTINA,  NF,  FPO  AE 

NAVFAC  CENTERVILLE  BEACH  /  FERNDALE,  CA;  CODE  04A3,  ALEXANDRIA,  VA;  CODE 
04A4E,  ALEXANDRIA,  VA;  CODE  051A,  ALEXANDRIA,  VA;  CODE  083, 

ALEXANDRIA,  VA;  CODE  183  (GEBHART) ,  ALEXANDRIA,  VA 
NAVFACENGCOM  CHESDIV  /  CODE  04,  WASHINGTON.  DC;  CODE  114.1,  WASHINGTON, 

DC;  YACHNIS,  WASHINGTON,  DC 

NAVFACENGCOM  CONTRACTS  /  ROICC,  POINT  MUGU,  CA;  ROTCC,  SANTA  ANA,  CA 
NAVFACENGCOM  LANTDIV  /  CODE  405,  NORFOLK.  VA 

NAVFACENGCOM  NORTHDIV  /  CO,  PHILADELPHIA,  PA;  CODE  202.2,  PHILADELPHIA,  PA 
NAVFACENGCOM  SOUTHDIV  /  CODE  04A,  CHARLESTON,  SC 

NAVFACENGCOM  SOUTHWESTDIV  /  CODE  101.1.  SAN  DIF. GO.  CA;  CODE  1812,  SAN 
DIEGO,  CA 

NAVFACENGCOM  WESTDIV  /  CODE  102,  SAN  BRUNO.  CA;  CODE  1833,  SAN  BRUNO, 

CA;  PAC  NW  BR  OFFC,  CODE  C/42,  SILVERDAI.F. .  WA;  ROICC,  SILVERDALE,  WA; 
VALDEMORO,  SAN  BRUNO,  CA 
NAVFUEL  DET  /  OIC,  FPO  AP 

NAVMEDCOM  /  NWREG,  FAC  ENGR,  PWD,  OAKLAND,  CA 

NAVORDMISTESTSTA  /  CODE  40,  WHITE  SANDS  MISSILE  RANGE,  NM 

NAVORDSTA  /  INDIAN  HEAD  DET,  MCALESTER ,  OK;  PWO.  LOUISVILLE,  KY 

NAVPWC  /  TAYLOR,  PENSACOLA,  FL 

NAVSCSCOL  /  PWO,  ATHENS,  GA 

NAVSEASYSCOM  /  CODE  51412,  WASHINGTON,  DC 

NAVSECGRUACT  /  CODE  31  PWO,  FPO  AA;  PWO  ICOnF.  401.  F.DZELL,  FPO  AE 
NAVSECSTA  /  CODE  60,  WASHINGTON,  DC 
NAVSHIPREPFAC  /  SCE,  FPO  AP, 

NAVSHIPYARD  /  CODE  383.4,  PORTSMOUTH,  VA;  CODE  106.4  STARYNSKI , 

PHILADELPHIA.  PA;  CODE  202.5  LIB,  BREMERTON,  WA;  CODE  308.3,  PEARL 
HARBOR,  HI;  CODE  443,  BREMERTON,  WA;  CODE  4S0,  BREMERTON,  WA;  MARE  IS, 
CODE  440,  VALLEJO,  CA;  SCE  (CODE  308.21.  PEART,  HARBOR,  HI;  TECH  LIB, 
PORTSMOUTH,  NH 

NAVSTA  /  CBU-422,  WASHINGTON,  DC;  CODE  0DA2.  SAN  DIEGO,  CA;  DIR,  ENGR 
DIV,  PWD,  GUANTANAMO  BAY,  CUBA,  FPO  AE;  PWO.  ROTA,  SPAIN,  FPO  AE 
NAVSTA  PUGET  SOUND  /  CODE  922,  EVERETT,  WA 
NAVSUPCEN  /  CODE  7 00 A. I,  NORFOLK,  VA 
NAVSUPPACT  /  PWO,  NAPLES,  ITALY,  FPO  AE 

NAVSWC  /  CODE  C83,  DAHLGREN,  VA;  CODE  W42  (GS  HAGA),  DAHLGREN,  VA;  DET, 
WHITE  OAK  LAB,  CODE  W50,  SILVER  SPRING,  MD;  DPT,  WHITE  OAK  LAB,  PWO, 
SILVER  SPRING,  MD;  PWO,  DAHLGREN,  VA 
NAVTRASTA  /  PWO,  ORLANDO,  FL 
NAVWPNCEN  /  CODE  24,  CHINA  LAKE,  CA 
NAVWPNSTA  /  CODE  092,  CONCORD,  CA;  PWO,  YORKTOWN,  VA 
NAVWPNSTA  EARLE  /  CODE  092,  COLTS  NECK.  N.I 


NCR  /  20,  CODE  R70,  GULFPORT,  MS 

NEESA  /  CODE  113M,  PORT  HUENEME,  CA 

NIST  /  BLDG  TECH,  MCKNIGHT,  GAITHERSBURG.  MD 

NORDA  /  CODE  352,  NSTL,  MS 

NORTHDIV  CONTRACTS  OFFICE  /  ROICC,  PORTSMOUTH,  NH 
NOSC  /  CODE  94,  SAN  DIEGO,  CA 

NRL  /  CODE  2530.1,  WASHINGTON,  DC;  CODE  6123.  WASHINGTON,  DC 
NSC  /  CODE  43,  OAKLAND,  CA;  SCE,  CHARLESTON.  SC 

NUSC  DET  /  CODE  0261,  NEW  LONDON,  CT;  CODF.  52.  NEW  LONDON,  CT;  CODE  5202 
(SCHADY),  NEW  LONDON,  CT 
OAS  /  MCCONAHY,  ARLINGTON,  VA 

PWC  /  CODE  101,  GREAT  LAKES,  IL;  CODE  1013,  OAKLAND,  CA;  CODE  420, 

OAKLAND,  CA;  CODE  421  (KIMURA) ,  PEARL  HARBOR.  HI;  CODE  500,  SAN  DIEGO,  CA 
PWD  /  ENGR  DIRECTOR,  CORPUS  CHRISTI,  TX 
SPCC  /  CODE  082,  MECHANICSBURG,  PA 
SUBASE  /  SCE,  PEARL  HARBOR,  HI 
USDA  /  FOR  SVC,  EQUIP  DEV  CEN,  SAN  DIMAS,  c A 
USN  /  CAPT  COLIN  M  JONES,  HONOLULU,  HI 
USNA  /  SYS  ENGRG,  ANNAPOLIS,  MD 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


V 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

1A  Construction  methods  and  materials  (including  corrosion 
control,  coatings) 

1 B  Waterfront  structures  (maintenance/deterioration  control) 

1 C  Utilities  (including  power  conditioning) 

ID  Explosives  safety 
1 E  Aviation  Enginewing  Test  Facilities 
1 F  Fire  prevention  and  control 
1G  Antenna  technology 

1 H  Structural  analysis  and  design  (including  numerical  and 
computer  techniques) 

1J  Protective  construction  (including  hardened  shelters,  shock 
and  vibration  studies) 

IK  Soil/rock  mechanics 
1L  Airfields  and  pavements 
1M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

2A  Base  facilities  (including  shelters,  power  generation,  water 
supplies) 

2B  Expedient  roads/airfields/bridges 
2C  Over-the-beach  operations  (including  breakwaters,  wave 
forces) 

2D  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERGY/POWER  GENERATION 

3A  Thermal  conservation  (thermal  engineering  of  buildings, 
HVAC  systems,  energy  loss  measurement,  power 
generation) 

3B  Controls  and  electrical  conservation  (electrical  systems, 
energy  monitoring  and  control  systems) 

3C  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy  from  solid 
waste) 


3D  Alternate  energy  source  (geothermal  power,  photovoltaic 
power  systems,  solar  systems,  wind  systems,  energy 
storage  systems) 

3E  Site  data  and  systems  integration  (energy  resource  data, 
integrating  energy  systems) 

3F  EMCS  design 

4  ENVIRONMENTAL  PROTECTION 
4A  Solid  waste  management 

4B  Hazardous/toxic  materials  management 
4C  Waterwaste  management  and  sanitary  engineering 
4D  Oil  pollution  removal  and  recovery 
4E  Air  pollution 
4F  Noise  abatement 

5  OCEAN  ENGINEERING 

5A  Seafloor  soils  and  foundations 
5B  Seafloor  construction  systems  and  operations  (including 
diver  and  manipulator  tools) 

5C  Undersea  structures  and  materials 
5D  Anchors  and  moorings 

5E  Undersea  power  systems,  electromechanical  cables,  and 
connectors 

5F  Pressure  vessel  facilities 

5G  Physical  environment  (including  site  surveying) 

5H  Ocean-based  concrete  structures 

5J  Hyperbaric  chambers 

5K  Undersea  cable  dynamics 

ARMY  FEAP 

BDG  Shore  Facilities 

NRG  Energy 

ENV  Environmental/Natural  Responses 

MGT  Management 

PRR  Pavements/Railroads 


TYPES  OF  DOCUMENTS 

D  -  Techdata  Sheets;  R  -  Technical  Reports  and  Technical  Notes;  G  -  NCEL  Guides  and  Abstracts;  I  -  Index  to  TDS;  U  -  User 
Guides;  □  None  -  remove  my  name 


Old  Address: 


New  Address: 


Telephone  No. 


Telephone  No.: 
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INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  To  help  us  verify 
our  records  and  update  our  data  base,  please  do  the  following: 

•  Add  -  circle  number  on  list 

•  Remove  my  name  from  ail  your  lists  -  check  box  on  list. 

•  Change  my  address  -  add  telephone  number 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories 
you  select. 

•  Are  we  sending  you  the  correct  type  of  document?  If  not,  circle  the  type(s)  of 
document(s)  you  want  to  receive  listed  on  the  back  of  this  card. 


Fold  on  line,  staple,  and  drop  in  mail. 


DEPARTMENT  OF  THE  NAVY 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  CA  83043-6003 


Official  Business 

Penalty  for  Private  Use,  $300 


BUSINESS  REPLY  CARD 

FIRST  CLASS  PERMIT  NO.  12503  WASH  D.C. 
POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


NO  POSTAGE 
NECESSARY 
r  MAILED 
M  THE 

UNITED  STATES 


CODE  L34  (J  LEDERER) 

COMMANDING  OFFICER 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

PORT  HUENEME  C A  93043-6003 


NCEL  DOCUMENT  EVALUATION 

You  are  number  one  with  us;  how  do  we  rate  with  you? 


We  at  NCEL  want  to  provide  you  our  customer  the  best  possible  reports  but  we  need  your  help.  Therefore,  I  ask  you 
to  please  take  the  time  from  your  busy  schedule  to  fin  out  this  questionnaire.  Your  response  win  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
information  you  provide  will  help  us  to  be  more  responsive  to  your  future  needs. 


R.  N.  STORER,  Ph.D,  P.E. 
Technical  Director 


DOCUMENT  NO. _  TITLE  OF  DOCUMENT: 


Date:  _ Respondent  Organization :  _ 

Name:  _  Activity  Code:  _ 

Phone:  _  Grade/Rank:  _ 

Category  ( please  cheeky. 

Sponsor _  User _  Proponent _  Other  ( Specify ) _ _ 

Please  answer  on  your  behalf  only;  not  on  your  organization's.  Please  check  (use  an  X)  only  the  block  that  most  closely 
Scribes  your  attitude  or  feeling  toward  that  statement: 

SA  Strongly  Agree  A  Agree  O  Neutral  D  Disagree  SD  Strongly  Disagree 


SA  A  N  D  SD 

1.  The  technical  quality  of  the  report  ()()()()() 
is  comparable  to  most  of  my  other 

sources  of  technical  information. 

2.  The  report  will  make  significant  ()()()()() 
improvements  in  the  cost  and  or 

performance  of  my  operation. 


SA  A  N  D  SD 

6.  The  conclusions  and  recommenda-  ()()()()() 
tions  are  clear  and  directly  sup¬ 
ported  by  the  contents  of  the 

report 

7.  The  graphics,  tables,  and  photo-  ()()()()() 
graphs  are  well  done. 


3. 

'the  report  acknowledges  related 

()  ()  ()  ()  () 

work  accomplished  by  others. 

4. 

The  report  is  well  formatted. 

()()()  ()  () 

3. 

The  report  is  clearly  written. 

O  ()  ()  ()  () 

Do  you  wish  to  continue  getting 

□ 

CD 

NCEL  reports? 

YES 

NO 

Pleaac  add  any  comments  (e.g,,  in  what  ways  can  we 
improve  the  quality  of  our  reports?)  on  the  bock  of  this 
form. 


- tn  tri _ - - » 

nMM  iota  on  Mino  sfqpav 
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Official  Buoinoao 
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